ABSTRACT
INTRODUCTION
As the energy demand and the environmental problems increase, the natural energy sources have become very important as an alternative to the conventional energy sources. The renewable energy sector is fast gaining ground as a new growth area for numerous countries with the vast potential [1] . Solar energy plays an important role as a primary source of energy, especially for rural area. This paper aims at the development of process to track the sun and attain maximum voltage using Arduino uno and LabVIEW for real time monitoring. This work is divided into two stages, which are hardware and software development. In hardware development, two light dependent resistor (LDR) has been used for capturing maximum light source. One servomotor is used to rotate the solar panel at maximum light source location sensing by LDR. The GUI (Graphical User Interface) is constructed by using LabVIEW. The performance of the system has been tested and analysed with static solar panel. Recently a real time environment has been created with the use of National Instrument compact RIO consisting of cRIO chasis and DAQ modules powered by LabVIEW. Panel voltage and current were acquired through various compact Data Acquisition (DAQ) modules [13] . Another effort has been made to design and develop a smart real time embedded Arduino based data logger for indoor and outdoor environment [18] . This paper mainly deals with the real time data acquisition and tracking the sunlight followed by recording of the voltages of the solar panel with the help of Arduino in LabVIEW Makers Hub.
PHOTOVOLTAIC EFFECT
A solar photovoltaic or solar cell is a device that changes light into electric current by means of the photoelectric effect. SPVs are used in several applications such as in railway signals, streetlight, and household appliances and to drive telecommunication systems which are located far away [5] .
It has a p-type of silicon layer, which is placed on an n-type silicon layer, and the diffusion of electrons arises from the n-type material to the p-type material. In the p-type material, there are holes for accommodating the electrons. The n-type material is rich in electrons, so by the influence of the solar energy, the electrons move from the n-type material to p-type material and in the p-n junction, they combine with holes. This generates a charge on both side of the p-n junction to create an electric field. Because of this, a diode-like arrangement develops which promotes charge flow. This drift current equilibriums the diffusion of electrons and holes. The zone in which drift presently occurs is the depletion zone or space charge region that deficiencies the mobile charge carriers. For example, a 12-volt panel gives around 20 volts in bright sunlight. However, when the battery is connected to it, the voltage drops to 14-15 volts. Solar photovoltaic (SPV) cells are made of extraordinary materials called semiconductors, for example, silicon, which is presently the most generally used. When light falls on the cell, a certain amount of it is absorbed within the semiconductor material. This means that the energy of the absorbed light is transported to the semiconductor [3] 
MICROCONTROLLER (ARDUINO)
The Arduino Uno is a microcontroller board based on the ATmega328. It has 14 digital input/output pins, 6 analog inputs, a 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to support the microcontroller; simply connect it to a computer with a USB cable or power it with an AC-to-DC adapter or battery to get started. The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it features the Atmega8U2 programmed as a USB-to-serial converter.
"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series of USB Arduino boards, and the reference model for the Arduino platform; for a comparison with previous version [10] . 
Technical Specification

HARDWARE 4.1 Arduino-(UNO):
The Arduino Uno is a microcontroller board centered on the ATmega328. It has 14 digital input/output pins ( out of which 6 can be used as PWM outputs), 6 analog inputs, an ICSP header, an USB connector, a power jack, a 16 MHz crystal oscillator and a reset button. It contains every essential needs to support the microcontroller, simply it should be connected to a computer with an USB cable or it can be powered with an AC-to-DC adapter or battery to drive the Arduino [10] .
Servo Motor:
It is a simple electrical motor, controlled with the help of servomechanism. If the motor controlled device is linked with servomechanism of DC motor, then it is usually known as DC Servo Motor. If AC operates the motor, it is called AC Servo Motor.
LDR:
A Light Dependent Resistor (LDR) or a photo resistor is a device whose resistivity is a function of the incident electromagnetic radiation. Hence, they are light sensitive devices. They are also called as photoconductive cells, photo conductors or simply photocells. They are made up of semiconductor materials having high resistance.
Solar panel:
A solar photovoltaic or solar cell is a device that changes light into electric current by means of the photoelectric effect. SPVs are used in several applications such as in railway signals, streetlight, and household appliances and to drive telecommunication systems which are located far away.
Connecting wire:
Jumper wire has been used for connections. These are normally used interconnect the components of a breadboard or other prototype internally or with other equipment or components, without soldering.
Breadboard:
Breadboard is used to make temporary prototypes and to check circuit design. There is no need of soldering.
Resistor:
Two resistors of 10 ohm have been used in this prototype model.
SOFTWARE
Here LINX firmware wizard in LabVIEW has been used for interfacing with the Arduino.
LabVIEW file click on tools Go to Makers Hub Click on LINX Firmware
Wizard LINX provides easy to use LabVIEW VI's for interacting with common embedded platforms like Arduino, chip KIT and myRIO. Use the built in sensor VIs to start getting data to your PC in seconds or use the peripheral VIs to access your devices digital I/O, analog I/O, SPI, I2C, UART, PWM and more [11] . 
METHODOLOGY
Steps need to be followed as follows:
Step 1: Fix the servo motor with the help of a clamp.
Step 2: Now fix a small shaft with the solar panel so that it can be linked with the servomotor.
Step 4: Now fix a U shaped holder on the board so that the servomotor can be installed on it.
Step 5: Attach the LDRs on the two sides of the solar panel with the help of glue. Make sure the wires are soldered with the legs of the LDR's. You will have to connect these with the resistors later on.
Step 6: Now place the Arduino and the breadboard on the cardboard and make the connection as described in the Circuit diagram.
Step7: Next, connect the servo to the Arduino. Connect the positive wire of the servo to the 5V of Arduino and ground wire to the ground of the Arduino and then connect the signal wire of Servo to the digital pin 9 of Arduino. The servo will help in moving the solar panel.
Step 8: Now connect the LDRs to the Arduino. Connect one end of the LDR to the one end of the 10k resistor and also connect this end to the A0 of the Arduino and connect the other end of that resistor to the ground and connect the other end of LDR to the 5V. Similarly, connect the one end of second LDR to the one end of other 10k resistor, also connect that end to the A1 of Arduino, connect the other end of that resistor to ground, and connect the other end of LDR to 5V of Arduino.
Step 9: Now to interface the solar panel with the PC another Arduino has been used. This Arduino is used only to acquire data from the panel. This real time data acquisition is simulated in LabVIEW software. The two wire coming out from the panel is connected to the input pins (A0, A1) of the Arduino.
Step 10: Upload the servo motor code with the help of IDE software.
Step 11: In the Front Pannel choose the correct 'Serial Port' and then run. 
RESULTS AND DISCUSSIONS
The data's from the LabVIEW software is exported directly to excel sheets. With the acquired data's of the solar panel continuously, different voltage graphs are formulated of different day's. The characteristics of the simulated PV panel is shown in Table 1 . The output power of the solar array is mainly influenced by ambient temperature and irradiation. However, typically, the variations in temperature are slower than the possible changes in irradiation. For this reason, temperature has less impact on the dynamic response of the system. Fast moving, sporadic, clouds can lead to sudden changes in the output power of the solar array. Therefore, it has to be tested under different irradiation levels to verify the dynamic performance of the tracking the maximum power point tracking. The graph was plotted between voltage and time in figure (6-8) . Figure 6 shows the voltages from 10.00am to 12.22pm. Between the time duration of 10.28am to 11.30am and from 11.40am to 12.44pmvoltages were partially fluctuating due to some external environment factors like cloudy weather, low sun intensity. But during the time duration from 11.00pm to 12.00pm the voltage is maximum due to maximum sun intensity. The output power of the solar array is mainly influenced by ambient temperature and irradiation. However, typically, the variations in temperature are slower than the possible changes in irradiation. For this reason, temperature has less impact on the dynamic response of the system. Fast moving, sporadic, clouds can lead to sudden changes in the output power of the solar array.
CONCLUSION
This paper presents the simulation of real time data acquisition of solar panel. From the above study, the solar panel's real time voltages are imported from LabVIEW to excel sheet. .This voltage is varying with respect to the atmospheric condition such as irradiation value of solar light and atmospheric temperature. The above results shows the voltage variation and behaviour of the solar panel recorded during different duration of time and days. Due to the low and high intensity of the sunrays, the voltage of the solar panel varies. This is easily depicted from the above results. The total simulation has been successfully simulated in LabVIEW using Arduino. The servomotor needs to be calibrated every time whenever it gets started from its position.
